Figure 1. Adult Phenotypes of cbll (A-F) Whole brains (A and B) and HE-stained sagittal sections (C-F) in adults. (G-O) Coronal sections of HE-stained (G-J) and immunostained (K-O) cerebella. (I and J) High-magnification images of the boxed areas in (G) and (H)
) and was barely distinlum was smaller and did not exhibit the characteristic lobular structure (Figures 3A and 3B ). The Purkinje cell guishable by P7 ( Figures 3U and 3X ). TUNEL staining revealed many more apoptotic cells layer was absent, and the EGL was much thinner (Figures 3C and 3D) , as confirmed by in situ hybridization in the EGL at P0, the inferior olivary nucleus at P3, and the pontine nuclei at P6 in the mutants than in the wildwith Math1 (Figures 3E-3H ). As development proceeded, the size of the mutant cerebellum decreased type mice ( Figure S1 ). These phenomena indicate that granule cell precursors and neurons in the inferior olirelative to that of the whole brain ( Figures 3I and 3J) . The EGL became smaller and thinner and disappeared vary and pontine nuclei were initially generated in the mutant but secondarily lost during development by duced between genetic markers D2Mit178 and D2Mit79 apoptosis, in contrast to the GABAergic neurons in the ( Figure 4C ). As the generation of transgenic mice is cbll cerebellum.
sometimes accompanied by a deletion of genomic sequences near the transgene insertion site (Kuro-o et al., 1997), we looked for possible genomic deletions bePtf1a Is the Responsible Gene for cerebelless tween the two genetic markers. Using a series of primer To identify the responsible gene for the cbll phenotype, pairs that could amplify small DNA fragments (w100 we performed fluorescence in situ hybridization (FISH) bp) from the wild-type genome but not from the genoanalyses of the mutant chromosomes. The transgene mic DNA of cbll homozygotes resulted in the successful (see Experimental Procedures) appeared to have been identification of a 313 kb deletion in the cbll genome inserted into a single locus of chromosome 2, around ( Figure 4C ). According to the NCBI mouse genome daregions 2A3-2B ( Figures 4A and 4B ). Our genetic linkage analyses indicated that the transgene was introtabase, the Ptf1a gene, which encodes a bHLH tran- RT-PCR of mRNAs null mutant also exhibited similar cerebellar defects with the cbll mutant at late embryonic stages (data not purified from embryonic cerebellar primordium detected Ptf1a transcripts in wild-type embryos at E12.5, shown). These results support Ptf1a as being the responsible gene for the cbll phenotype and further sug-E14.5, and E18.5 ( Figure 4D ), but not in mutant embryonic cerebella at any stage ( Figure 4D ). On the other hand, gest that cbll is one of the alleles of Ptf1a (Ptf1a cbll ), specifically affecting the cerebellar primordium, but Ptf1a was found to be expressed in both wild-type and mutant embryonic pancreas ( Figure 4D ). In situ hybridsparing the developing pancreas. The null mutation of Ptf1a has been reported to result in pancreatic malforization of embryonic brains showed that Ptf1a is ex- Figure 5I ). Many β-galacciency was more than 98%, as previously described Figures 6N-6P) . To investigate the migraolivary nucleus (Figure 5L ), but not in the pontine nuclei tory behavior of Ptf1a-introduced cells, we performed (data not shown). Because Ptf1a is reportedly extime-lapse recording on cultured brain slices that were pressed in the dorsal part of the rhombencephalon electroporated at E14.5 and sacrificed at E16.5. In contrast to the radial migration observed in most of the (Obata et al., 2001) , neurons in the inferior olivary nuclei To investigate the ability of Ptf1a in specifying the cbll; transheterozygotes of cbll and a Ptf1a null allele GABAergic lineage, Ptf1a was introduced into the VZ (Ptf1a cre/cbll ) exhibit a cerebellar phenotype identical of the dorsal telencephalon, which resulted in the to that of the cbll homozygotes (Ptf1a cbll/cbll ) as well production of cells with GABAergic neuronal characteras the Ptf1a null mutants (Ptf1a cre/cre ). The NCBI dataistics in terms of the neurotransmitter subtype, cell base predicts the localization of two putative genes morphology, and migratory behavior. These findings in-(4921522E24Rik and 4933428L19Rik, genes a and b in dicate that PTF1a can act as a neuronal subtype deter- Figure 4C , respectively) within the deletion. The expresminer instructing neural precursors to differentiate into sion profiles of these additional genes by RT-PCR are GABAergic neurons, rather than act as a simple transhown in Figure S4 . These genes are expressed in a scription factor that activates genes involved in GABA variety of tissues, which includes the cerebellar primorsynthesis, such as GAD65 and GAD67, when introdium. Expression of these genes in the cerebellar priduced into the dorsal telencephalon. However, the nomordium is lost in Ptf1a cbll/cbll but not in Ptf1a cre/cre . Altion that endogenous PTF1a has a similar physiological though we cannot completely exclude the possibility function in the cerebellum, especially in terms of neuthat these additional genes also contribute to the cbll ronal morphology and migratory behavior, still remains phenotype, its probability seems to be low because a elusive, because the results of ectopic expression in basically identical phenotype is observed in Ptf1a cre/cre , another part of the brain cannnot be extrapolated to where the expression of these genes are maintained.
physiological function of PTF1a in the cerebellum. In cbll mutants, expression of Ptf1a was lost in the However, that notion may be partially supported by the cerebellum but maintained in the pancreas. The Ptf1a observation that the mutant cells produced from the gene consists of two exons, both of which are located cerebellar VZ were abnormally positioned, which sug-60 kb from the deletion, and to date, no differentially spliced isoforms have been reported in any papers or gested that their migratory behavior was affected when 
